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Bacterial Protection 

The present invention relate? to a bacterial! cell having protection against stress 
5 including the affects of extreme temperatute change and osmotic shock; a 

nutritive or medicina] composition comprising the protected bacterial cell; and a 
method of protecting bacteria against stress. 

Within the context of this speoification thel:WOTd "comprises" is taken to mean 
10 "includes, among other things". It is not intended to be construed as "consists of 
only". In addition, the word ''stress" is nsc^d interchangeably with the term 
"adverse conditions". It includes, but is not limited to, adverse conditions of 
temperature (heat shock, cold shock), salt (osmotic shock), pH (pH shock), 
chemical stresses (antibiotics, alcohol, H292, etc.), nuliitional stress, UV-strcss, 
\ 5 cold stress and oxygen concentration (oxidative stress), 

Standard amino acid, RNA and DNA codek are used within this specification 
which are defined by the lUB Biochemicaf; Nomenclature Commission. 



• 20 It is well known that bacteria s^ch as lactio] acid bacteria (LAB) are ubiquitously 

^. found in the environment and they arc largely used for the production of 

fermented products. For example, in the fbod industry bacteria are used in 
fermentation of milk products and productipn of starter cultures. During 
production of starter cultures, food fermentation, manufacture and storage, the 
25 bacteria that are employed must deal with different kinds of adverse conditions 
which generally have the effect of dramatically reducing their viability, stability 
and activity. These adverse conditions yary with production requirements and 
include thermal shock (frcczc-drying or spray-drying), osmotic shock (drying) 
and pH shock (fermentation). It will be appreciated that the susceptibility or 
30 inabihty of bacteria to cope with these stresses is a problem in cases where 
bacteha are used on a lat^e scale, ; 

i 

The presence of Bi£dobactcria or lactobacjpi in the human intestine, primarily 
the small and large intestine, is generally accepted as a contributing factor for a 
35 healthy well-being. In addition, it is considered that Bifidobacteria and 

lactobacilli may be usefi;! in prophylaxis oe treatment of ailments including 
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gastrointestinal infections. In the light of jhis, it has been suggested that large 
populations of Bifidobacteria and lactobaclilli in the intestine should be 
maintained and products comprising the bacteria should be administered. Often 
these products comprise different species 9f Bifidobacteria or lactobacilli. 1 
5 However, the stresses th^t Bifidobactena aind lactobacilli are e}cposed to during 
manufacture and storage of the products c4n significantly reduce their viability 
and/or physiologioal activity. 

The natural response by bacterial cultures \o sublethal temperature shifts or other 
10 sublethal stresses (including exposure to oxygen and osmotic shock) includes 

rapid expression of a distinct set of polypejjtides called "stress-proteins". These 
proteins have been shown to enable Gram-Positive bacteria such as for example 
Lactococcus lacHSt Bacillus subtilise Lactc^acillu^ acidophilus, Lactobacillus 
m sakeU Enterococcus faecalis, and Lactobacillus johnsonii to adsqjt to otherwise 

IS growth-limiting conditions* 

w ■! 

CO One of the most studied stress protein? arc'|thc heat shock proteins or chaperones. 

% These proteins are generally involved in tlijs maturation of newly syntbesised 

proteins, and they assist in refolding of denatured proteins. Numerous stress- 
20 response genes have been characterised in Lab, including those encoding the 
two major chaperone machines (groES/grofeL and hrcA/grpE/dnaK/dnaJ) 
'^^ involved in tlie proper folding of newly syijithesised proteins and the repair of 

M- those that are denatured. ' 

^5 i 

'~ 25 Remarkably, it has now been found that b^Jteria, including Bifidobacteria and 

lactobacilli, can be protected against level^ of stress that are lethal in unprotected 
bacteria. Surprisingly, this can be done by jsubjecting the bacteria to a sublethal 
level of stress treatment It has suiprisingl)^ been found that after this initial stress 
treatment a higher level of stress is required to adversely affect the bacteria. This 
30 is unexpected because it was thought that cells which arc damaged by stress 

would be less likely to cope with additional stress. In fact, the converse has been 
found - pre-stressed cells are able to bear ^ higher stress level compared to 
control cells which have not been pre-stressed. ^ 

; |i 

35 Protection against one form of stress acq;4red by treatment with a dissimilar j| 
form of stress has been referred to as "cross-protection'*. This is unexpected {] 

i i 
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because it was thought that cells damaged |by treatment with one stress should 
render them more sensitive against an additional sublethal or letlial stress. 

Accordingly, in a first aspect the invention provides a bacterial cell having 
protection against conditions which are lethal to an unprotected bacterial cell 
wherein, the protected cell is obtained by ^^bjecting a bacterial cell to treatment 
with a $ublethal leyel of stress. 

In a second aspeot, the invention provides k nutritive composition which 
con^prises bacteria having protection agaxnfst conditions which are lethal to 
improtected bacteria wherein, the protected bacteria are obtained by subjecting 
bacteria to treatment with a sublethal level =of stress and allowing them to 
recover. 

In a further aspect, the invention provides a method of protecting a bacterial cell 
against stress which comprises the steps of! treating a bacterial cell with a 
sublethal level of stress selected from the group which comprises thermal shock, 
osmotic shock, pH shock, oxi4ative stress, ichemical stress, nutritional stressi 
W'-stTess, cold stress. 

Preferably the method includes the additioilial step of allowing the cell to recover. 

Prefisrably chemical stress is provided by treatment with antibiotics, alcohol or 
H2O2, 

Preferably, the bacterial cell is selected frop the group which comprises 
Bifidobacteria, lactic acid bacteria, enterocbcci, stzcptomyces, and bacilli. 

More preferably, the bacterial cell is Bifido)>acterium longum, Bifidobacterium 
adolescentiSt Bifidobacterium breve or Lactobacillus johnsonii. An advantage 
provided by these bacteria is that they have' the ability to rapidly acidify their 
substrate, therefore producing miorobiologically safe products. In addition they 
contribute to a healthy well-being in humans and animals. Furthermore, they 
display a protective role agtunst attack by enteric pathogens and are associated 
with anti-carcinogenic, anti-muTagcnic aadanti-tumorgenic activities. Without 
wishing to be bound by theory, recent reports suggest that they might act directly 
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in the intestinal tract through witimicrobiaj activity, indirectly through 
immunomodulatian via intestinal cells or modifying the function of the 
nozmal indigenous microflora 

5 Preferably bacteria, more preferably B ifidt^bactcria and lactobacilU, are treated 
with sublethal salt concentrations to protetjt them against otherwise lethal salt 
concentrations or tlie celU arc treated withitsublethal thermal stress to protect 
them against otherwise lethal temperature^ Furthermore, results show that 
treatment with salt (e.g. >(aCI) protect the^e bacteria against lethal thermal stress 
10 or against lethal cycles of freezc-thawing. jAccordingly, the invention 

alternatively include? the steps of treating ^sclls with salt to protect against 
thermal stress or treating the cells with ad^,erse temperature conditions to protect 
against salt stress. 

cn : 

15 Preferably the bacterial cells are selected f^ro Bifidobacterium longum^ 

y Bifidobacterium adolescents^ or Lactobacillus johnsonii. More preferably the 

Co b acterial cells are peleoted from Bifido bacterium longum NCC48 1 , 

^« Bifidobacterium adolescentis NCC25 1 or Lactobacillus johnsonii Lai . 



20 Preferably, protection against lethal salt cc^icentrations (eg of between 0. 1% and 
0.4%) is carried out by treatment with aboift 0.01 to about 0. 1% salt for about 1 5 
to about 60 n[un. Preferably the salt is bilejisalt. 

Preferably protection against lethal thermal stress (eg of between about 50*»C to 
25 about 60*^0) is carried out by treatment at atout 37°C to about 50*0 for about 1 5 
to about 60 min or by treatment with a salt concentration of between about 1% 
and about A% for about 30 to about 60 min. 

Preferably, protection against freew-thawiAg (eg I to 10 cycles) is carried out by 
30 treatment of the cells with salt concentratioK of between I % and 4%. 

Preferably iff t>?c/o6acteriwn longum NCC4^1 cells are protected. More 
preferably, protection of Bifidobacterium Idngum NCC481 cells is carried out in 
the logarithmic phase of their growth cycle! against lethal bile salt concentrations 
35 (eg of between about 0.2% and about 0.3%« for 30 min) by subjecting the cells to 
about 0.1% bile salt for about 30 rain before lethal challenge. 
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Preferably, protection of Bifldpbacterium Ipngum NCC481 cells is carried out in 
the stationary phase of their growth cycle against lethal bile salt concentrations 
(eg of about 0.075% and about 0.15% for about 30 min) by treatment of the cells 
5 with about 0,05% bile salt fpr about 30 mii before lethal challenge. 

i 

Preferably, Bifidobacterium Qdolescentis ?^CC251 cells are protected. More 
preferably, protection of BifidobaQtermm qdolescentis NCC25i cells is carried 
out in the logaiithmic phase of their groyni^ cycle against lethal bile salt 
10 concentrations (eg of between about 0.3% and about 0.4% for about 30 rnin) by 
subjecting Hxe cells to about 0.1% bile salt jfor about 30 min before lethal 
challenge. 

2 Preferably, protection of Bifidobacterium idoiescentis NCC251 cells is carried 

12 15 out in the ptatjonaiy phase of their growth tyole against a lethal bile salt 

is; concentration (eg of about 0.15% for abouij 3 0 min) by subj ecting the cells to 

^ about 0.1% bile salt for about 30 min befoije letlial challenge 



Preferably, protection of Bifidobacterium ddolescentis^CCZSl cells is carried 
20 out in the stationary phase of their growth cycle against the otherwise lethal 
effect of (eg about 3 to about 4 cycles) free^e-thawing (about '80°C to about 
M room temperature (preferably about 20°C tb about 30°C, more preferably 25''C)) 

by subjecting the cells to about 2% of NaCl for about 1 h. 

^ \ 

25 Preferably, protection of Bifidobacterium (idolesceniis 1SCC251 cells is carried 

out in the logarithmic phase of their growth cycle against an otherwise lethal 

temperature of SS'^C for 20 min by tteatraeiit of the cells for about 30 min at 

about 45°C, about 15 min at about 47**0 orlfor about I h with 1% or 2% NaCl. 

30 Preferably Lactobacillus johnsonii Lai cells are protected. More preferably, 
protection of Lactobacillus johnsonii Lai cjcUs is carried out in the logarithmic 
phase of their growth cycle against an othe^se lethal temperature of 55*C for 
up to Ih by treatment of the cells with about 3.5% NaCl for about 15 min or 
about 48°C for about 15 min. 

35 ! 
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Preferably, protection of Lactobacillus joHnsonii Lai cells ia cairicd out in the 
stationaiy phase of their growth cycle against an otherwise lethal temperature of 
55*C for up to Ih by treatment of the cells^with a temperature of about 48°C for 
about 15 min or vnth about 3.5^9 NaCl for^ about 15 min. 

5 

Embodiments of the invention will now bd described in further detail with 
reference to the accompanying drawing? \A which: 

Figure 1 shows results of a dot blot liybridization of RNA from cells of 
10 Bifidobacterium hngum NCC481 and Bifidobacterium adolescentis NCC251 
after 10 min exposure to different kinds ofistress. Hybridization was perfonncd 
using the specific probes GSRS and GSR5 for NCC481 and NCC251, 
respectively. 

: 

.1 



ii 



J=f 15 Figure 2 shows a graph of survival of Bifidobacterium adolescentis NCC25 1 at 

[g 55°C after different pre-inductions in the Ic^garithmic phase. Cells were grown in 

to MRS and cysteine at 37*^0 to an OD600 o^belween 0.4 and 0.7. Aliquots were 

^1 taken and subjected for 15 min to ATC, foi 30 min to 45°C, or 1 h to 1.5% NaCl 

fFi or 2% XaCl; the control remained at 37°C^|The samples were shifted to S5*'C and 

20 after 1 0 and 20 min tlie viable cell counts were determined. 



I 



u Pigure 3 shows a graph of survival of Bifida bacterium adolescentis NCC2 5 1 ' 
M after tliree and four cycles of freeze-thawing. Stationary phase cells were taken 

and subjected for 1 h to 2% NaCl, the contifol remained without salt addition. The | 

25 samples were shifted to ^80*'C and thawed kt room temperature. This cycle was ' 

repeated three and four times before the viable cell counts were determined. i 

Figure 4 shows a gr^h of survival of Bifidbbacteriim iongum NCC481 under 

! 

lethal bile salt conditiotis in the logarithmid phase. Cells were grown to an 
3 0 OD600 (optical density at 600nm) betweeri 0.4 and 0.7 and subjected for 30 min 
to 0.1% Oxgall. The control remamed withbut Oxgall addition. The samples 
were aliquoted and shifted to 0,2%, 0.25%,! and 0.3% Oxgall for 30 min, and the 
viable cell counts were determined. 



I 
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Figure 5 shows a graph of survival oi Bifikobacterium longum NCC481 under 
lethal bile salt conditions in tlie stationary phase. Cells were subjected for 30 min 
to an 0.05% O^gall-ticatment The control! remained without any Oxgall 
addition. The samples were aliquoted and shifted to 0.075%, 0.1%, and 0.15% 
S Oxgall for 30 min, and the viable cell couits were detennined. 

Figure 6 shows a graph of survival of Bifikobacterium adolescentis NCC251 
under lethal bile salt conditions in the Jogajrithraic phase. Cells were grown to an 
OD600 (optical density at 600nm) betwee^t 0.4 and 0.7 and subjected for 30 min 
10 to an 0. 1 % Oxgall-treatment. The control ^jcmained without any Oxgall addition. 
The samples were aliquotcd and shifted to !0.3% and 0.4% Oxgall for 30 rain, and 
the viable cell coimts were detennined. 

I 
I 

Figure 7 shows a graph of survival oi Bifidobacterium adolescentis NCC251 
15 under lethal bile salt conditions in the statibnaxy pha$e. Cells were subjected for 
30 min to an 0.1% Oxgall'trcatmcnt The cjontrol remained without any Oxgall 
addition. Tlie samples were a]ic^uoted and shifted to 0.15% Oxgall for 30 min, 
and the viable cell counts were determinedi 

! 
i 

20 Figure 8 shows a graph of survival of Lactobacillus johnsonii Lalunder lethal 
thennal conditions. Cells were grown in Mp^ at 37°C to an OD600 (optical 
density at 600nm) between 0.4 and 0.7. Samples were taken and subjected to 
3.5% NaCl or 48°C for 15 min. The contro^ remained at 37''C. Afterwards flie 
^5 samples ww shifted to 55 °C and the viabj^ cell counts were determined after 30 

25 min and 60 min. ! 

Figure 9 shows a graph of survival of Lactcf bacillus Johnsonii Lai in the 
stati onary phase of tlwir growth cycle und^ lethal thennal conditions . Samples 
were taken and subjected to 3.5% >^aCl or 48°C for 15 min. The control 
30 remained at 37°C, Afterwards the samples] were shifted to 55°C and the viable 
cell counts were determined ^er 60 min. i 

I 

Strains and growth conditions | 

i 

35 Bifidobacterium adolescentis NCC25 1, Bifidobacterium longum KCC48 1 , 
Bifidobacterium longum NCC490, Bifidobicterium longum NCC585, and 
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Bifidobacterium breve NCC298 were cultivated jn MRS medium supplemented 
with 0.5 g/1 cysteine at 37^*0 under cp^crotiic conditions (98% nitrogen and 2% 
hydrogen), Lactococcus lacfis MG1363 wa$ grown in MRS medium at SO'^C. 
Escherichia coli TGI (Amersham) was cultivated in Luria-Bertani medium at 
37*'C. Lactobacillus johnsonii Lai was grown in MRS at 37*'C. 

Stress treatment 

Cells were grown to an OD600 (optical d^isity at 600nm) between 0.4 and 0.7 or 
taken in the stationary phase and subjectec^ for different times to various stress 
conditions. Cells used for freeze-thawing ^eriments were concentrated in 
saline solution before being subjected to -SO^C. Salt stress was exerted by adding 
sodium chloride to the samples while for bile-salt stress OXGALL (Trade Mark) 
(Difco) was used. 

The stress treatment of Bifidobacteria was 'performed under anaerobic conditions 
while the determination of viable cells was, carried out under aerobic conditions. 
Cells of lactobacilli were grown under micpoaerophil conditions, streps 
treatments and determination of viable cell! counts was performed imdcr aerobic 
conditions. 

Bifidobacteria i 

Ranges for inductions aitd lethal challengei 

re-induction lethal challenge 

pH (e.g. HCl): pH 6,0-3 .5 pH 2.5-2 

Bile (e.g. Oxgall): 0.01%-0.I]% 0.075%-0.4% 

Temperature; 37°C-48°e 50°C-60°C 

Salt (e.g. NaCl): 0.5%-3% ; 3%-8% 

Time of pre- induction and lethal challenge jean vary depen4ent on strain and 
stress conditions between 5 min to 2 h. 

Lactobacilli 

Ranges for inductions and lethal challenges' 
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%5 



10 



15 



20 



25 



30 



35 



pH (e.g. HCl, lactic acid) 

Temperature 

Salt (e.g. NaCl) 



rc'inductibn 
pH 6.0-4.5 
40°G-50°6 
0.5%^3.5% 



lethal challenge 
pH 4.0-2 

4%-8% 



Time of pre-iaductioxi and lethal challenge lean vary dependent on strain and 
stress conditions between 5 mm to 2 h 

DNA techniques 

Isolation of chromosomal DNAs was carried out accotxling to standard methods. 
Analyses of mRNA 

For Dot-blot hybridisation total was ^o^ated, denatured and transferred to 
uncharged nylon membranes (GeneScreenJNEN) according to standard methods. 
The membraneg were pre-hybri4i?ed (Ih, 4b°C) and subsequently hybridised for 
4h with 100 pmol DIG-labellcd probes (Bpiehringer). The membranes were 
washed twice for 5 rain in 2x S3C containing 0.1% SDS at 40*'C and once at the 
probe-dependent temperature, which was ^^°C and 48**C, respectively for the 
two dnaK specific probes GSR5 (5 '-CATGGAAGGTGCCGCCA03 ') and 
GSR8 (5^TCGTCACCACCGAGGTG-3 and 5 fox the universal probe 
1028R {5'-CCTTCTCCCGAAGTTACGO-3'). Detection was performed 
according to the manufacturers instructions'. 

PCR amplification 

The core dnaK region was amplified using liche degenerate primers HSl (5'- 
ATIACIGTICCIGCITA (T/C)TT(T/C)AA(T/C)GA-3') and HS2 (5 
CATIGT(T/C)TCIATICCIA(A/G)IGAIA(p/A)IGO-3') as well as 1 ng of 
cliromosomal DNA as template. Amplification reactions were performed in a 
total volume of 100 fil (containing 200 each of dATP, dCTP, dGTP, and 
dTTP, 50 pmol of each primer, 2.$ U of Super-Taq DNA Polymerase (HT 
Biotechnology), and the correspopding Ix PCR buffer). Reactions were carried 
out with a Perldn-Eliner thermocyclcr: initiial denaturation at 95°C for 5 min 
followed by 30 cycles of 95''C for 1 min, 55^0 for 1 min. and 72^*0 for 1 min, 
with a fmal extension at 72 "^C for 10 rain. 
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Identification of the dnaK gene 

Based on the alignmeat of Bairil et al, (1994). wc chose two regions of the DnaK 
ofLactpcoccus lactis, Escherichia coli ana Bacillus megaterium possessing 
identical amino acid sequences and designjsd two degenerate primers H3I and 
HS2 corresponding to the amino acids at pbsitions 1 14 to 122 and 366 to 374 of 
Lactococcus lactic DnaK, respectively. This primer pair was used for a PCR- 
aniplification using chromosomal DNA of|NCC481, NCC490, NCC585, 
NCC251, and NCC298 as templates. Two p-agmentp were obtained for each 
strain. For all strains those fragments corresponding in size to that of the two 
positive controls Escherichia coli and Lactococcus lactis were isolated from an 
agarose gel, purified and sequenced. In eadh fragment an open reading frame was 
identified showing high sequence similarities to the core region of known DnaK 
proteins. Particularly high identities were Observed to streptomyces and 
mycobacteria as well as to Lactobacillns sikei, bacilli, and streptococci. 



mRI^A analysis of dnaKf^tnt egression 



The transcriptional induction of dnaK was !bvestigated with cells exposed to heat 
shock and to additional general stress conditions. Bifidobacterium hngum 
NCC481 and Bifidobacterium adolescenii^{SCC25l cells of the logarithmic 
phase were subjected to 0. 1 % bile salt, 1 .5^0 NaCl or a heat shock for 1 0 min at 
42®C and 45*'C. Maximum temperatures o^47*C and SO^^C were tested for 
NCC481 and NCC251. respectively. Uninluced cells from the logarithmic and 
stationary phase were always used as controls. Total RNA was isolated and 
subjected to dot blot hybridiziation. The diiaK specific probes GSRS and GSR5 
were used forNCC481 and NCC251, respectively. The univcrsaj probe 1028R 
was chosen to verify the amount and quality of RNA on the membrane. An 
increased concentration of 4naIC specific miRNA was observed when subjecting 
the cells to increasing temperatures (Figure- 1). In contrast to NCC25I, dnaK of 
NCC481 was only slightly induced in cells lentcring the stationary phase. 
Furthermore a slight induction of dnaK waf observed in NCC23 1 after bile-salt 
and NaCl treatment. No significant induction under identical conditions was 
obtained for NCC481. ; 
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Survival and cro^s^protection 

Growth and survival of Lactobacillus Johnsonii ^ Bifidobacterium 
adolescentis NCC251 tffA Bifi4Qhaaeriumlongtan NCC481 at different 
temperature^ bile-salt3 and salt ocndition? were tested. , 

Remarkably, logarithmic phase NCC251 sljowed an increased resistance to the 
generally lethal temperature of 55°C after Ijeing treated with sublethal heat stress. S 
An almost 24-fold and 1 ZS-fpId higher thermotolerance was observed after 
subjecting the cells to 47°C for 15 min priot to a heat shock for 10 min and 20 
min, respectively (Figure 2). These figuresi are remarkable because they show 
how that, unexpectedly effective pre-induction of cell? can be to protect them 
against other^se lethal challenge^r A 9-foid and IS-fold cross-protection of 
cells against SS°C was achieved by pretreafment for Ih with 1 .5% NaQ. An 
equal protection against thermal stress could also be observed by pre-inducing at 
45°C for 30 min or 2% NaQ fbr 1 h (Figure 2). 

Cells in the logarithmic phase of the growtA cycle of Lactobacillus johnsonii Lai :| 
showed a 400-fold higher protection, agains^'t 55*'C for 30 min after being \ 
pietreated with 3.5% NaCl or 15 min 48*'C:| After one hour at 55°C, a lO-fold and j 
5-fold higher protection was observed svgainst 55°C in samples pretreated with " 

3,5% NaCJl and 48*'C for 15 min, respectively (Figure 8). | 

' I 

Stationary phase cells L{^ctobqcillus johf^sonii Lai showed a remarkable 20- 
fold higher protection against 55°C for 1 h<m after being treated with 3.5% NaCl ^ 
for 1 5 minutes at 48''C (Figure 9). 

Cells of Bifidobacterium adolescentis NCC!251 in the stationary phase 
demonstrated a 14-fol4 higher survival aftei- continuous cycles of freezie-thawing 
if prc-strcpsed with 2% >^aCJ for Ih (Figure 3), After 4 cycles of freest thawing 
a 10-fold higher survival was observed. 

Protection against lethal bjle-salt concentrations could be observed in the I 
logarithmic as well as in the stationary phaie of Sifldohacterium adolescentis \ 
NCC25 1 and Bifidobacterium longuni KCC^8 1 . A preconditioning (e.g. 30 rain) 
of logarithmic celjs with 0J% bile-salts res^ulted in a 300-fold and 21-fold i 



ll.JUN.l9g9 16:21 



NESTEC VEVEY FfiTENTS 021 92428ea 



NQ974 P. 14/24 



12 N06592 ,! 

• I 
, { 

protection against 0.3% and 0.4% bile-salt^ in logarithmic phase cells of | 
Bifidobacterium adolesctntis NCC2 5 1 , res]pectively, CFigure 6) . An 8 1 -fold 
increased survival of stationary phase cells 'oi Bifidobacterium adohscentis 
NCC25 1 (prc-induccd with 0. 1 % bilc-saltsj was observed under the lethal ! 
5 concentration of 0. 1 5% bjle-salt? (Figure 7). Analogous results were obtained for ■ 
Bifidobacterium longum NCC48 1 , Logarithniic cells, pre-induced with 0. 1 % 
Oxgall showed a 400nfold, 1 800-fold, and 580-fbld better survival against the 
lethal concentrations of 0.2%, 0.25%, and 0.3% Oxgall, respectively (Figure 
4).Cells of the stationary phase showed a 3-fold, 29-fold, and 150-fold better 
10 survival for 30 min against 0.075%, 0.1%, fci4 0.15% Oxgall when they were 
pre-induced for 30 min with 0.05% Oxgall (Figure 5). 

In contrast to the results published by Flah4ut et al. (1996) where a protection of j 
CP EnteroQoccus faecalis cells against 0.3% bijc salts could only be achieved for 30 : 

1 5 seconds, remarkably cells were able to be pirotected for 30 min against lethal bile ; 
Lu salt concentration. This could not have been predicted. 

c6 

H The core region of dnaJC oi Bifidobacf^riun^ hngum NCC48 1 , Bifidobacterium 

f n longum NCC490, Bifidobacterium fongim NCC585, Bifidobacterium » 

20 adolescentis NCC25 1 , and BifidobacteriuM breve NCC298 were PCR-amplified j 
and identified. Subsequent mKNA analyses reyealed that in NCC25 1 and 
u NCC48 1 the induction of dnaK is regulated at the transcriptional level. '; 

Transcription is generally induced by heat and for NCC25 1 also by treatment ' 
with salt and bile-salts. 



25 



30 



In the light of these findings it bas been concluded that stress pre-treatment of 
Bifidobacteria and/or lactobaciUi can lead tb a significantly increased chances of 
survival under otherwise Icfhal homologous or heterologous stress conditions. 



i 
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Claims 

•j 

1 . A bacterial cell having protection againjt conditions which arc lethal to an 
unprotected bacterial cell wherein, the protected cell is obtained by subjecting 
a bacterial cell to treatment with a suble^al level of stress. 

2. A nutritive composition which comprises bacteria having protection against 
conditions which are lethal to unprotected bacteria wherein, the protected 
bacteria are obtained by subjecting bacteria to treatment with a sublethal level 
ofstress. 

3. A method of protecting Q bacterial cell jigainst sn-ess which comprises the 
steps of treating a bacterial cell with a sublethal level of stress selected from 
the group which comprises thermal shock, osmotic shock, pH shock, 
oxidative stress, ohemical stress nutritidnal stress, UV->stres5, and cold stress. J 
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Figure 1 



ejflQ£umNCC48l 



m 

u 



£ 

in 

r ~" 



Unmduced , 
iDgAritbxnic , ^ 



42°C 
45»C 

47"C 




0,1% bile 



l.5%NaCI 



imm4ucc4 
3tAtionfuy 
phftse 



ftdaJ£gCgDti£yCC251 

uninduced uniuduccdi 
logerithinic ■HS^^'^K'i-^ logarithmic 




0.1% bile 



1.5% Naa ' 



uninducBtJ 
stattLonaiy 
phase 



999 16:22 



^ES'^C V5:v£^^ Fq^E-S^S 221 5242=32 



-HCQ74 



F. 17 



2/9 



K06592 



Survival of a adofescentfs NCC251 at 55X after 
different preinductlons in theliogarlthmfc phase 
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Figure 3 
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Survlval of Bifidobacterium adolekcantis NCC251 after 3 
pycles of Freeze-thqwing in tr^e stationary phase 
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